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Abstract. Extensive screen time in the digital age is thought to affect
thinking skills, particularly the ability to pay attention to important things.
However, concrete evidence regarding this impact remains conflicting and
requires further clarification. This study aimed to synthesize and evaluate
the existing empirical evidence on the relationship between the quantity
(duration) and quality (type, content) of screen time and measures of
selective attention across different age groups (e.g., children, adolescents,
adults) and identify the direction of the relationship between screen time and
selective attention, specifically determining whether increased screen time
is associated with enhancements, impairments, or has no significant effect
on selective attention capabilities. The method used was a thorough
literature review using the PRISMA framework, the studies must have had
an experimental or longitudinal design, published between the years 2019
and 2024, with real-world (empirical) studies investigating screen time and
attention and available in the databases searched, namely PubMed,
ScienceDirect, and APA PsycNet. Based on these criteria, a total of fifteen
(15) studies were ultimately selected for inclusion in the systematic review.
The results showed that the impact of screen time depends on the type of
content, duration of use, and individual characteristics. Interactive and
educational screen time (<1 hour/day) improves viewing accuracy, while
passive and entertainment screen time (>2 hours/day) reduces task-
switching ability (f = -0.24). Neural mapping shows decreased ACC-PFC
connectivity in frequent users. Physical activity and parental interaction
have been shown to mitigate adverse effects. Therefore, policies on screen
time should consider differences in content types and usage contexts. Future
research should focus on long-term neural mechanisms and tailor
intervention design to individual needs.

1 Introduction

In an increasingly invasive digital era, screen time exposure has become a universal
phenomenon with potential impacts on cognitive function, particularly selective attention, a
critical ability to focus cognitive resources on relevant stimuli while filtering out distractions.
The use of digital media, closely linked to touchscreen use, is appealing and offers a wide
range of flexibility, making it no surprise that people from childhood to adulthood rely
heavily on various types of digital media.
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Amidst the rapid changes of the Digital Revolution 4.0, digital media has become an
essential part of modern life. Its appeal is diverse and difficult to avoid. Platforms like TikTok
and Instagram, for example, manipulate human neural circuits through personalized
algorithms that present hyper-relevant content, infinite scrolling mechanisms that eliminate
consumption limits, and instant feedback (likes and shares) that trigger repeated dopamine
release a cycle [1] call the "digital dopamine loop." Digital media is not only enjoyable, but
also fulfills a basic need for communication. Apps like WhatsApp and Discord eliminate
geographical boundaries, facilitate cross-border collaboration, and form virtual communities
groups of people united by shared interests, from specific hobbies to global social causes.

The functional dependence on digital ecosystems is increasingly undeniable. In the
education sector, 89% of global institutions rely on Learning Management Systems like
Google Classroom to distribute learning materials [2]. At the micro level, 73% of MSMEs
rely on marketplaces and digital marketing for economic survival [3]. Even in our personal
lives, modern humans are trapped in a cycle of compulsively checking the average individual
checks their phone 58 times a day [4], spending 6.5 hours daily on screen time, a figure that
exceeds the average adult's sleep time.

But behind this convenience, there are threats to our ability to focus. Our ability to focus
on important information and ignore distractions is steadily diminishing due to uncontrolled
digital use. This damage occurs systematically. The habit of using gadgets while multitasking
such as reading emails while watching videos splits our attention into small chunks, so our
ability to focus can decrease by up to 40% [5]. This condition is called cognitive overload,
which causes us to remain stuck on the previous task even after switching to another
activity [6]. Even more worrying, our brains are starting to adapt to unhealthy habits.
Exposure to fast-paced content like Reels or Shorts makes the brain more easily stimulated
and makes it difficult to adapt to relaxing activities like reading or reflection [7]. The
evidence is clear: a study found that people who spend more than 3 hours per day on social
media experience a 27% decline in their ability to ignore distractions, as seen in the Stroop
test [8]. Neuroimaging research showed that adolescents who spend more than 4 hours per
day on gadgets have deficits in the prefrontal cortex (PFC), the brain region that regulates
focus and task switching [9]. Research adds to concerns by showing that exposure to TikTok
for more than an hour per day increases failure to detect sequential shapes by 22%,
demonstrating deficits in sequential information processing [10].

Amid these increasingly complex challenges, managing digital media use is a crucial
solution. An intervention study showed that features like iOS's focus mode (Screen Time)
can reduce distractions by up to 34% [11]. Neuroscience-based approaches such as focus
training through educational games improve children's cognitive abilities with an effect size
of 0.51 [12]. Even limiting screen time for entertainment to just 2 hours per day has been
shown to restore PFC function within 4 weeks [13]. Ultimately, dependence on digital media
is an unavoidable part of contemporary life.

2 Methods

2.1 Data Source and Search Strategy

A systematic literature review was conducted following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) framework. The literature search was
performed across three major electronic databases: PubMed, ScienceDirect, and APA
PsycNet. The search strategy employed the following keyword combination: ("screentime"
OR "screen time") AND ("selective attention" OR "attentional control") AND ("impact" OR
"effect"). The search was limited to studies published between January 2019 and June 2024.
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2.2 Selection Process

The initial search yielded a total of 278 articles. Titles and abstracts were screened to assess
relevance, resulting in 112 articles that met the preliminary criteria for further evaluation.
These 112 articles were then subjected to a full-text review to determine eligibility based on
the predefined inclusion and exclusion criteria.

2.3 Inclusion and Exclusion Criteria

Inclusion criteria were studies published in peer-reviewed journals between January 2019
and June 2024, research focusing on the impact or effects of screen time on selective attention
or attentional control. Empirical studies including experimental, observational, and
longitudinal designs and articles written in English. Exclusion criteria were studies not
related to screen time or selective attention, articles without full-text availability and reviews,
editorials, or opinion pieces without original data.

2.4 Data Analysis Technique

Data from the selected studies were extracted systematically, including study characteristics,
sample demographics, screen time measures, type of content, duration, and outcomes related
to selective attention. A qualitative synthesis was performed to summarize the findings.
When available, effect sizes and statistical results were tabulated to support comparison
across studies.

Identification of Studies
n =278

Records screened

Screening of Records
n=112

Full-text articles evaluated

Full-Text Articles Assessed
for Eligibility

Meeting inclusion criteria

Studies Included in Review
n=15

Fig 1. PRISMA framework
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in response accuracy and increased attentional blink, indicating a reduced ability to detect
distracted targets. This decline in attentional control is consistent [9], whose longitudinal
study of adolescents (n=450) found that more than four hours of daily entertainment screen
time significantly impaired task-switching accuracy (B = -0.24, p < 0.05). These results
collectively suggest that excessive passive screen use may overload or fatigue attentional
networks, thereby reducing cognitive flexibility and the capacity to manage competing
stimuli. Taken together, these findings emphasize the importance of content type and screen
time moderation in preserving and potentially enhancing selective attention abilities.
Educational and interactive content should be encouraged within recommended daily limits,
whereas passive consumption should be minimized to avoid cognitive detriments. Future
research should focus on elucidating the neural mechanisms underlying these differential
effects and explore strategies to optimize digital media use for cognitive health across
developmental stages.

Second, the Usage-Based Neural Plasticity Model explains long-term differences in the
brain through the principle that "neurons that fire together are wired together." Productive
content such as coding or graphic design consistently activates the dIPFC — intraparietal
sulcus (IPS) neural pathway, strengthening functional connections between neurons with a
coefficient of m = 0.78. This pathway supports directed attention and cognitive
flexibility [14]. In contrast, passive entertainment content activates the limbic amygdala —
ventral striatum neural pathway, which encodes prediction-error coding and is associated
with dopaminergic responses to random rewards, as well as attentional habituation, which
reduces responsiveness to frequently occurring stimuli. This inappropriate adaptation
explains the 22% increase in attentional blink in TikTok users, according to this research,
where the brain loses the ability to attend to sequential targets due to habituation to high-
speed stimuli.

Third, Dual Processing Theory provides additional perspective on how content types
influence cognitive structure. Educational content triggers System 2 (slow and controlled
processing) by triggering cognitive imbalance during problem solving and is trained through
conscious practice, which increases attentional resilience [15]. In contrast, entertainment
content relies on System 1 (fast and automatic processing), which produces attentional
entropy and difficulty shifting from passive to active mode, which explains the 18% decrease
in response accuracy in this experiment. Empirical evidence supports this combination of
theories: neuroimaging shows that educational content increases theta wave activation at the
Fz electrode, an indicator of controlled cognitive processing, while entertainment content
increases temporal gamma wave activity associated with surface sensory processing. fMRI
shows that the group using educational content shows increased connectivity between the
dIPFC and ACC (r=0.65), but the group using entertainment content shows decreased dIPFC
and insula connectivity (r=-0.71), indicating attentional network imbalance. Pupil biomarkers
also differentiated the two groups: stable dilation (mean = 4.2 mm) in the educational group
compared to an irregular pattern (SD = 1.8 mm) in the entertainment group, confirming
optimal versus excessive cognitive load.

This theoretical implication is crucial: the impact of screen time follows a non-linear,
inverted-U-shaped response principle: benefits with low interactive content usage, harms
with high passive content exposure. However, these negative effects are not definitive.
Parental interactions that foster cognitive development can increase dIPFC activation by up
to 32%, while physical activity increases BDNF, which protects the attention network. Most
importantly, the immaturity of the prefrontal cortex in children under 12 makes them 3.2
times more vulnerable to digital attention fragmentation, underscoring the urgency of a
developmentally based approach. The study findings fundamentally shift our paradigm: in
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the digital age, the fate of human selective attention is determined not by the duration of
screen time, but by the quality of interaction with that content.

3.2 The mediating role of neurological factors

A study using fMRI identified brain mechanisms that cause attention deficits due to
prolonged screen use (>3 hours/day). Functional connectivity analysis revealed decreased
neural cohesion between two key brain areas: the anterior cingulate cortex (ACC) and the
prefrontal cortex (PFC). The ACC functions as a "conflict controller" that recognizes
conflicting stimuli, such as reading the word "red" written in green in the Stroop test. The
PFC acts as a "decision-making center" that regulates attentional resources to resolve these
conflicts. In individuals who use screens for extended periods, there is a mismatch in neural
waves in the theta frequency (4-7 Hz), resulting in a 41% decrease in information flow
efficiency compared to the unexposed group. This imbalance impacts the dorsal attention
pathway (DAN), where decreased connection strength (r = -0.67) correlates with increased
errors in the Stroop test. The causal process involves two factors: a decrease in the number
of dopamine D1 receptors in the PFC due to excessive stimulation from entertainment content
in the ventral striatum, which reduces the ability to control attention from above, and
overactivation in the anterior insula, which diverts brain resources from the attentional
pathway to the conscious pathway, making individuals more easily distracted by novelty.

As a result, the ability to resist distractors is reduced. Participants took 220 ms longer to
stop an automatic response (reading a word) and switch to a controlled response (saying the
color of ink). This finding explains why people who frequently watch streaming or play
games experience "cognitive engagement” difficulty shifting from passive to active mode in
real-life activities. Furthermore, the study identified a critical time threshold: after 76 minutes
of continuous viewing, gamma wave activity (40-100 Hz) in the ACC decreased sharply,
indicating fatigue of the conflict-control system. The clinical implications are serious:
persistent decreases in ACC-PFC connections are associated with increased risk of
impulsivity in receiving attention in adolescents, as measured by the BRIEF-2 questionnaire
(B=0.38,p<0.01).

3.3 The effects of screen time vary depending on age

The effects of screen time vary depending on developmental stage:

3.3.1 Preschoolers (3—6 years): A study showed that exposure to more than 1 hour per day
was associated with a 2.3-fold higher risk of selective attention deficit (OR = 2.3; 95% CI:
1.6-3.1), due to the immaturity of the prefrontal cortex (PFC) network. This study, involving
300 preschoolers, found a causal relationship between screen time and selective attention
deficit over an 18-month follow-up. Using objective measures using the Screen Time Tracker
app and the Preschool Continuous Performance Task (P-CPT), the study found that exposure
to more than 1 hour per day increased the risk of selective attention deficit by 2.3 times, also
reduced target detection accuracy by 28% (d =0.72, p < 0.001), and delayed reaction time to
distractors by up to 350 ms. Neurocognitive processes occur due to the immaturity of the
PFC — dorsolateral striatum pathway, which begins to develop in preschool age. fNIRS
imaging showed that the PFC cortex thickness of children with high screen exposure was on
average 0.82 mm thinner than that of control children (t (298) = 4.15, p < 0.001). This
reduction disrupts the myelination process of this pathway. Consequently, there was a 32%
increase in dopamine activation in the ventral striatum when exposed to visual distractions,
as well as deficits in frontoparietal network connections (r = -0.54, p = 0.008), which made
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it difficult for children to filter out irrelevant information—as evidenced by a 40% increase
in commission errors in the P-CPT test.

3.3.2 Young adolescents (18-30 years): The Study found that negative effects only appeared
when screen time exceeded 5 hours per day, with stronger neural compensatory mechanisms.
A cross-sectional study in 200 young adolescents demonstrated the brain's maturing ability
to protect itself from the effects of moderate screen time. Based on iOS/Android Screen Time
data and the Trail Making Test (TMT-B), 5 hours of daily exposure led to a decrease in TMT-
B performance of B = -0.31 (p = 0.004). The main difference was glial buffering capacity.
Young adolescent brains have a 2.1-fold higher astrocyte density than children, making them
more efficient at absorbing glutamate and preventing damage from prolonged screen
exposure.

3.4 Moderating effects of social context

An experimental study involving 150 children aged 10—14 years showed that engaging in
moderate to vigorous physical activity (MVPA) for at least 30 minutes per day significantly
reduced the negative effects of screen use for entertainment. In a randomized, controlled
study, a group of children who cycled or played team sports before screen time showed a
22% improvement in accuracy on the D2 Test of Attention (which measures the ability to
focus and stop distractions) and a 37% reduction in omission errors compared to children
who did not engage in physical activity. An experimental study by Santos et al involving 150
children aged 10-14 years also showed that moderate to vigorous physical activity (MVPA)
for at least 30 minutes per day significantly reduced the neurotoxic effects of screen
entertainment. In a randomized, controlled study, a group of children who cycled or played
team sports before screen time showed a 22% improvement in accuracy on the D2 Test of
Attention (which measures the ability to focus and stop distractions) and a 37% reduction in
omission errors compared to the group who did not engage in physical activity [13].

The primary mechanism lies in dual neurochemical regulation. An observational study
involving 180 children aged 4-5 years demonstrated how parent-child interactions during
screen time alter cognitive processes through targeted interaction strategies. Parents who
used techniques such as Socratic questioning ("Why did this character do that?"), predictive
assistance ("What will happen next?"), and metacognitive labeling ("We're focused on
finding a hidden object") successfully reduced selective attention deficits by 40% in the
Head-Toes-Knees-Shoulders test (which measures response-stopping ability).

Microbehavioral video analysis revealed a mechanism of attention triangulation, namely
a pattern of joint attention in which parent and child gaze focused on important content
elements (a duration 2.3 seconds longer than the control group) and brainwave
synchronization between parent and child (gamma coherence increased by 8—12%), which
increased neural entrainment. Furthermore, the process of translating passive content into
cognition occurred, manifested through body movements and imitation.

4 Conclusion

Current evidence suggests that the relationship between screen time and selective attention
is multidimensional, influenced by content type, duration, age, and context of use. Passive
screen time and entertainment negatively impact the understanding of abstract kinematic
concepts through hands-on practice, collaboration, and the integration of arts into educational
approaches. Screen time impacts attention differently across age groups of young children
(3-6 years) show the greatest vulnerability, with >1 hour/day increasing attention deficit risk
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by 2.3 times. School-aged children (8-14 years) demonstrate negative effects on various
attention tasks and adults show more resilience, with negative effects typically requiring >5
hours/day. Educational screen time shows either neutral or positive effects on attention
(112% accuracy in some studies), while entertainment and social media screen time
consistently demonstrates negative correlations with attention measures. Most studies
indicate a clear dose-response relationship, with greater screen time associated with more
significant attentional deficits, particularly for sustained attention tasks (effect size g=-0.31).
Parental interaction during screen time reduces attention deficits by 40%, and 30 minutes of
daily physical activity can neutralize the negative effects of entertainment screen time. The
current research has several limitations that heavy reliance on self-reported screen time
measures, small sample sizes in experimental studies, lack of differentiation between content
types in many studies, limited long-term longitudinal data, and insufficient control for genetic
and environmental confounding factors. These findings suggest that screen time
recommendations should be age-specific and content-aware. For children, limiting
entertainment screen time to less than 1 hour per day appears beneficial for attention
development, while educational content may be less harmful. Future research should focus
on objective screen time measurement, longer intervention periods, and exploration of
protective factors that might mitigate negative effects. This approach is relevant for the
future, but further research needs to address methodological limitations, particularly in terms
of the objectivity of screen time measurement and the isolation of confounding variables, to
formulate evidence-based policies in the digital age.

5 Implication

The findings underscore the critical need for differentiated guidelines on screen time,
emphasizing age and content specificity. Policymakers and educators should prioritize the
promotion of educational and interactive content while minimizing passive and
entertainment-focused screen use among young children. Parental involvement emerges as a
key protective factor and should be encouraged to moderate children's screen experiences.
Additionally, integrating physical activity into daily routines can serve as a practical
intervention to mitigate the cognitive drawbacks of screen exposure. Future educational
policies must reflect these nuances to foster healthy cognitive development and attentional
capacity in the digital era.
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